ABSTRACT Studies have shown that households subsidized with vouchers live in higher quality units and exhibit fewer physical, mental, and social problems than do their peers living in public housing. However, none of these studies have included cardiovascular outcomes. The objective of this study was to assess if use/type of rental assistance is independently associated with poor cardiovascular health among Latino adults (ages ≥18) who are eligible for federal low-income rental assistance and living in the Bronx, NY. Data from the cross-sectional, Affordable Housing as an Obesity Mediating Environment study, collected over 18 months (January 2011 to August 2012) were used. The prevalence of cardiovascular disease (CVD) outcomes was determined by measured high blood pressure and self-reported heart attack and/or stroke. Type of housing status was defined as: public housing units, units subsidized by section 8 vouchers, and units unassisted by either federal program. Statistical techniques used were analysis of variance and multivariate logistic regression. The prevalence of CVD was significantly higher among public housing residents than unassisted participants even in the presence of all individual level covariates. Public housing residents also have higher levels of CVD than do section 8 participants. The prevalence of CVD was similar for unassisted and section 8 participants. These findings point to the potential for health benefits arising from housing voucher use even within a fairly delimited geographic area.
INTRODUCTION
The goal of federal low-income rental assistance in the USA is to establish stable, affordable housing for those eligible by reducing their rental costs. A disadvantage of certain types of subsidized housing, particularly units in public housing developments, is that they tend to be located in areas of concentrated poverty. The federal response to such concentrations of poverty has been to revitalize the most distressed neighborhoods by razing public housing developments and replacing them with mixed-income housing. Some of those displaced relocate to other housing with Housing Choice Voucher Program/Section 8 housing vouchers.
Housing vouchers enable households to navigate the private market and settle wherever their vouchers are accepted. Observational and experimental studies have shown that households subsidized with vouchers live in higher quality units and exhibit fewer physical, mental, and social problems than do their peers living in public housing. [1] [2] [3] The final evaluation of the five city federal Moving to Opportunity Demonstration Program (MTO) reveals that moving from public housing to units subsidized with housing vouchers is associated with lower rates of extreme obesity and diabetes and improved psychological health. [4] [5] [6] Research on housing assistance and health has focused largely on African-Americans and has yet to examine cardiovascular health outcomes. Latinos have unique cardiovascular disease (CVD) profiles and distinct housing challenges that could impact their health. 7, 8 The goal of this paper is to assess if use/type of rental assistance is independently associated with poor cardiovascular health among Latino adults (ages ≥18) who are eligible for federal low-income rental assistance and living in the Bronx, NY. To do so, data from the Affordable Housing as an Obesity Mediating Environment (AHOME) study are used to compare the cardiovascular health of three groups of income-eligible Latinos-public housing residents, section 8 voucher users, and renters with no federal rental assistance. Consistent with associations uncovered in MTO studies, we expect public housing residents to have a higher prevalence of CVD outcomes even after adjusting for relevant individual level covariates.
METHODS
AHOME is a new, cross-sectional study of low-income Latinos residing in public housing units, units subsidized by section 8 vouchers, and housing with no federal assistance in the Bronx, NY. AHOME consists of a survey interview and clinical assessment and an assessment of participants' physical activity during 7 days following the interview. Recruitment and data collection lasted approximately 18 months (January 2011 to August 2012). Institutional Review Board approval was obtained from both the Albert Einstein College of Medicine and Fordham University, and all participants gave written consent in either English or Spanish.
Sampling Design
A stratified sampling design, with proportional systematic sampling, was established with the goal of achieving approximately equal numbers of interviews with respondents in each housing type. To achieve adequate numbers of public housing and section 8 households, a sample size of 6,250 households was identified. The sample was drawn in fall 2010 from the most recently updated US Postal Service address lists by Survey Sampling International (http://www.surveysampling.com/); 11 sampled addresses proved outside the study area leaving a 6,239 households at the start of recruitment. Detailed information on the sampling strategy can be found in this issue's online data supplement.
Response Rate
Of 6,239 sampled units, in-person contact was established with 1,247 (20 %). Of these, 71 % (881) proved to be residential units that were occupied and accessible to interviewers. Of these, 65.9 % (581) were screened as having an eligible participant (Latino/a, age 18+, renter, low income) and 67 % of whom agreed to participate in the study (n=385). Of the 385 completed interviews, 148 (38 %) were with public housing residents, 116 (30 %) with section 8 voucher users, and 121 (31 %) with unassisted respondents.
The sociodemographic characteristics of AHOME participants compare well with those of a criterion sample of income-eligible Latino adult renters residing in the study area from the 2011 New York City Housing and Vacancy Survey (NYCHVS). However, AHOME participants are more economically disadvantaged, more likely to report Puerto Rican ethnicity, and less likely to have been born abroad. These differences are consistent with the AHOME design, which resulted in a higher proportion of public housing households (14.4 % in the NYCHVS).
Questionnaire Content
Interviews and participant consent were conducted in participants' homes. The questionnaire consists of a wide range of self-reported items which were taken from established surveys (e.g., National Latino and Asian American Study and Project on Human Development in Chicago Neighborhoods) to enhance internal validity of composite variables and to ensure comparability with other data sources. For a list of source surveys, see this issue's online supplement. Briefly, items concerning current health status and health history derive from the Charlson Comorbidity Index (CCI), a widely used measure of comorbid disease burden. 9 Health behavior items (i.e., smoking history and alcohol consumption) were taken from the National Health and Nutrition Examination Survey. The Home Food Inventory questionnaire, a validated tool to identify food availability that correlates well with dietary patterns, was used to identify the foods in the home at the time of interview.
Clinical Assessment
Upon completion of the interview, clinical interviewers (CIs) measured each participant's blood pressure, height, weight, and waist circumference. All clinical assessments were performed twice; both measurements were recorded. Participants' blood pressure was measured using a fully automatic blood pressure monitor for use on the upper arm (Welch Allyn OSZ 5). Waist circumference is measured to the nearest 0.1 cm using a tape measure wrapped around the midpoint of the inferior margin of the lowest rib and the crest of the ilium. Participants' height was measured to the nearest 0.1 cm using a calibrated portable stadiometer (Charder HM200P Portstad). Participants who were unable to stand recalled their most recent height. Participants' weight was measured to the nearest tenth of a kilogram using a portable bio-impedance analysis scale (Tanita BF-522W). Participants with any metal in their bodies or physically unable to stand recalled their most recent weight. Body mass index (BMI) is calculated in kilograms per square meter.
Outcome and Covariate Measurement
The health outcomes examined in descriptive analyses are self-reported history of heart attack, stroke, and diabetes (all from CCI) and prevalence of hypertension measured objectively during clinical assessment. Hypertension is defined using a cutoff of systolic 9140 mmHg and diastolic 990 mmHg or reported medication for hypertension (from CCI). In multivariate analyses of CVD health outcomes, a single dichotomous variable is used which differentiates participants with at least one CVD outcome (heart attack, stroke, or hypertension) from those without any of these conditions. Among the covariates are body size variables, dietary patterns, and social and economic background.
Data Analysis
Descriptive statistics are presented for the sample according to housing type. Differences across groups are assessed by ANOVA and the Tukey post hoc test. Logistic regression is used to examine associations of housing type and CVD outcomes adjusting for individual level covariates. Statistical significance is assessed at pG=0.05; because the small sample size constrains statistical power, findings significant at pG=0.10 are selectively discussed. Waist circumference and income have significant proportions missing (12 % for income and 5 % for waist circumference). To retain these cases in the multivariate analyses, missing values on waist circumference were replaced by the mean and cases with missing values on income were coded 0 and a missing data dichotomy (0, not missing; 1, missing) was added to the models. RESULTS AHOME was designed to have an equal number of participants residing in public housing, section 8, and unassisted units. Participants were not recruited to achieve a balanced number of men and women. The analyses are based on an analytical sample of 371; 14 participants overall were omitted because of missing values on CVD outcomes. Table 1 shows health-related behaviors and outcomes and background characteristics according to housing type. Across all health outcomes (panel A), there is a consistent pattern of significantly worse health among public housing residents compared to unassisted participants. For example, more than 53 % of public housing residents have at least one CVD-related condition, an unadjusted prevalence rate nearly 20 points higher than that among unassisted participants. Estimates suggest that the prevalence of CVD outcomes and diabetes among section 8 voucher users lies midway between those of public housing and unassisted participants; these differences do not achieve statistical significance at conventional levels. While the disadvantage among public housing residents pertaining to diabetes are consistent with results from MTO, 5 the highly significant disparities in the prevalence of heart attack, stroke, and hypertension found here are new to the literature.
The higher prevalence of CVD outcomes among public housing residents is paralleled by disadvantages in certain risk factors. For example, public housing residents have larger average waist sizes than do unassisted participants (panel B) and are more likely to have regular soda in the home (panel C). Public housing residents are also more economically disadvantaged (panel D); a particularly notable difference given that low income is a key criterion for inclusion in the study. However, public housing residents are least likely of all groups to eat fast food frequently and are less likely than section 8 participants to be overweight. Although section 8 participants are as likely as public housing residents to have incomes G$10,000, they are slightly less likely (p≤0.10) to have incomes above $25,000. Table 2 presents the results of two logistic regression models predicting the odds of having at least one CVD-related outcome. Odds ratios (and 95 % confidence intervals) are shown for housing type only; full results are available from the authors. Model I controls only for age, and model II adjusts for age, gender, Puerto Rican ethnicity, education, household income, smoking history, waist circumference, regular soda in the home, and consumption of fast food. Model II explains more than 42 % of the variation in the prevalence of CVD-related outcomes and is a significantly better fit than model I (as per chi-square statistics). Puerto Rican ethnicity is moderately correlated with English language interview (r=.45). In an alternative specification, we substituted English language interview for Puerto Rican ethnicity with substantively similar results.
Consistent with findings in Table 1 , in the age-adjusted model (model I), unassisted and section 8 participants have lower odds of CVD-related health outcomes than do public housing residents with conventional statistical significance (pG=0.05) limited to unassisted participants. Adding the remaining covariates, model II widens the disparity between public housing residents and both comparison groups and pushes the effect associated with section 8 past the threshold for statistical significance (p=0.047). The covariate with the greatest influence on the significance of section 8 in model II is fast food consumption, a behavior that disadvantages section 8 participants relative to public housing residents (Table 1 ). An alternative specification that uses section 8 as the reference category reveals that the odds of any CVD outcome are statistically similar for section 8 and unassisted participants. Of the covariates in model II, statistically significant associations were limited to age, smoking, average waist circumference, and frequent consumption of fast food, with each bearing the expected positive association with the odds of CVD.
DISCUSSION AHOME is designed to identify the independent association between the use/type of low-income rental assistance and CVD-related health outcomes among Latinos. As such, it has the potential to add to the accumulating store of knowledge concerning the housing health nexus and to elaborate on this linkage for a population that exhibits both health and housing disadvantages. AHOME is different from other housing assistance studies in that it includes a group of unassisted residents that are eligible for Statistically significant between-group comparisons (evaluated with Tukey post hoc test p≤0.05) are indicated by superscripts; u unassisted, ph public housing, s8 section 8 vouchers + p≤0.10; *p≤0.05; **p≤0.01; ***p≤0.001 a Prevalence rates not adjusted for age b Heart attack, stroke, or hypertension c Includes those living with partner d Categories are not mutually exclusive-percentages will not sum to 100 % LOW-INCOME RENTAL ASSISTANCE AND HEALTH OUTCOMES AMONG LATINOSlow-income housing assistance. By virtue of its location in the Bronx, AHOME focuses on a highly impoverished county characterized by numerous unmet health needs and a long-lasting imbalance between the demand for and supply of housing that is affordable to low-income households. AHOME thus may offer additional evidence supporting the idea that health policy needs to be aligned with other social and economic policies, including housing policy, to maximize its effectiveness.
Our results suggest that use and type of housing assistance is an important risk factor for CVD among Latino adults, but in ways that are complex. As expected, public housing residents exhibit the highest risk for CVD outcomes, a disparity that cannot be explained by parallel economic differences or health-related behaviors and risk factors. The high average monthly rents paid by section 8 households suggest that the typical section 8 household experiences the greatest constraints on disposable income. The high monthly rents of section 8 households appear counterintuitive given their low incomes and the programmatic goal of providing affordable rents. However, when faced with a rent increase, section 8 households can opt to stay in place and pay any amount that exceeds the allowable rent out of pocket. Thus, section 8 households have the choice to "pay" to avoid the costs of searching for and moving to a new, more affordable unit and to avoid any losses in quality that may accompany such a move. Nevertheless, public housing residents do not have the riskiest profiles across all predictors, as they are only about one third as likely as section 8 or unassisted participants to eat fast food frequently. Statistically, eliminating the influence of this behavior proves critical in unveiling a significant health advantage for section 8 participants relative to public housing residents. By extending evidence regarding the association of housing assistance and health to a new domain-CVD-and for a relatively understudied population-Latinos-these findings make a valuable contribution to the literature. While residence in public housing is clearly associated with poorer health, the CVD health of section 8 voucher users and unassisted participants is statistically similar. Incorporating an unassisted comparison group is unusual in this small but growing literature, and the What is it about residence in public housing that underlies the association with poor health? A key hypothesis concerns the potential mediating role of different aspects of housing and neighborhood quality. Use/type of low-income rental assistance is associated with housing and neighborhood attributes and resources in ways that parallel the health disparities found among AHOME participants. For example, public housing residents tend to live in poorer neighborhoods than do voucher users. Studies show that individuals living in neighborhoods of concentrated poverty have poorer cardiovascular health, 10, 11 perhaps because such areas tend to lack safe and accessible places to be physically active 12, 13 and access to healthy food options. 14, 15 The better health outcomes experienced by participants in the experimental arm of MTO partially derive from exposure to higher quality neighborhood attributes and resources over the length of the study, but in ways that have yet to be clearly elucidated. 6 
Limitations
One source of bias that may affect the AHOME cross-sectional design is that of reverse causation or that environments replete with resources to be healthy attract people who use such resources. One approach to identifying the direction of the neighborhood environment/health association has been to move families to neighborhoods with more resources (as was done in MTO). Given that ours is not an experimental design, whereby households would be randomly distributed among the three housing types, it is conceivable that our estimates could also be affected by endogeneity and sample selection bias. Endogeneity may arise from the fact that individuals must choose to apply for housing assistance; this decision may be correlated with unobserved variables that also influence the outcomes. Sample selection bias may arise from the fact that not all applicants for assistance receive assistance. As a crude way to deal with these sources of bias, the multivariate models were re-estimated differentiating unassisted households that have applied (but not received) housing assistance from those that have never applied. The results were similar to those shown in Table 2 .
Health and Housing Policy Implications
As part of their commitment to examining and evaluating the social determinants of health, the Centers for Disease Control and Prevention's Guide to Community Prevention Services convened a task force to evaluate housing programs and policies for their health promoting effects (http://www.thecommunityguide.org/healthequity/ housing/housing.html). As more evidence showing the health benefits of voucher-based housing accumulates, doubt may remain over whether such programs can produce benefits within environments where moving with a housing voucher does not necessarily entail moving to a neighborhood with far less poverty. The Bronx is an ideal place to test this since 27 % of Bronx families live below the federal poverty line, and in the AHOME study site, this figure approaches 37 %. Our findings point to the potential for health benefits arising from voucher use even within a fairly delimited geographic area and greater insight into the mechanisms underlying this association may inform local and national housing and/or neighborhood development policies. Understanding the interactive effects of housing and neighborhood can provide insight to successful cardiovascular health interventions.
